Several studies have indicated that expatriates and travellers to hepatitis B virus (HBV) endemic areas, because of their sexual behaviour in the country of posting, are at high risk for HBV infection. [1] [2] [3] [4] [5] [6] After return to their country of origin they may introduce HBV in the general population. 3, 7, 8 Therefore, active research into risk determinants for HBV infection is essential in order to guide health education campaigns and vaccinations programmes directed at these groups.
Several studies have indicated that expatriates and travellers to hepatitis B virus (HBV) endemic areas, because of their sexual behaviour in the country of posting, are at high risk for HBV infection. [1] [2] [3] [4] [5] [6] After return to their country of origin they may introduce HBV in the general population. 3, 7, 8 Therefore, active research into risk determinants for HBV infection is essential in order to guide health education campaigns and vaccinations programmes directed at these groups.
In a previous study in 1987-1989 among 2391 Dutch expatriates returning from sub-Saharan Africa, 160 (6.7%) were found to be HBV-infected, probably through unprotected sex or medical exposure. Independent risk factors for HBV infection were: age (risk increases with age), length of stay (risk increases with length of stay), number of needlesticks, number of African sexual partners and having an African life partner. 4 As a consequence of these results, a Dutch vaccination strategy was implemented in 1991, in which travellers to high endemic areas (Ͼ8% chronic HBV carriers) and expatriates going to middle (2-7% chronic HBV carriers) and high endemic areas were advised to be vaccinated. Moreover, education campaigns on condom use were directed at travellers and expatriates.
In this study the effect of the new strategy on the prevalence of HBV infection was assessed among 864 expatriates (covering the period from July 1994 to February 1996). 9, 10 The following questions were addressed:
Did the new vaccination strategy have an impact on the proportion of expatriates vaccinated, as compared to the previous study from [1987] [1988] [1989] ? If so, did it decrease the number of HBV-infected expatriates?
Did the new vaccination strategy reach the expatriates at risk, e.g. those with high sexual or medical risk behaviour?
The results from this study can be used to optimize the current vaccination strategy. 
Methods
During a routine medical examination at the participating medical centres Dutch expatriates were asked to complete a questionnaire and to donate a serum sample for HBV testing. Blood was tested for antibodies against the hepatitis B core (antiHBc) and surface antigens (anti-HBs). The serological data were related to information gathered on aspects of residence, sexual risk behaviour and occupational risks.
Results
A significantly higher percentage of expatriates (37%) were vaccinated compared to a previous study in 1987-1989 (14%). However, the percentage of expatriates with HBV infection markers (5%) had not decreased significantly. Moreover, the risk for HBV infection, as determined with a questionnaire, was still affected by well-known risk factors such as homosexual contacts (odds ratio [OR] = 6.6, 95% CI : 1.7-26), more than five casual local partners (OR = 3.6, 95% CI : 1.2-11) and more than five occupational accidents in the last 3 years (OR = 20, 95% CI : 2-187). Detailed analysis of the vaccination status indicated that especially young female expatriates with low risk behaviour (65%) were protected, while older male expatriates with high risk behaviour were less protected (20%). 
Methods

Subjects
Serology
Blood was tested for antibodies against the hepatitis B core (anti-HBc) and surface antigens (anti-HBs) using Organon enzyme immunoassays (EIA). Participants with anti-HBs only and titres of Ͼ10 U/ml, were considered to be immunized by vaccination and excluded from subsequent analysis of HBV infection. All participants with antibodies against the core antigen (HBV infection marker) were considered infected (past and present infection). In addition, HBsAg was determined as a marker for recent (Ͻ3 months) or chronic (carrier) infection.
Measures
Information was collected on demography and aspects of residence such as the amount of time spent abroad in whole lifetime and the last time, the most recent country of posting and the degree of urbanization of the most recent place of posting (three-point scale: 1 = [mainly] urban, 2 = both rural and urban, 3 = [mainly] rural). Questions on sexual risk behaviour (past 3 years) included:
The number of steady and casual partners. A steady partner was defined as someone with whom the respondent had at least a 3-month relationship. A casual partner was defined as someone the respondent had sex with one or several times or had less than a 3-month relationship with. Steady and casual partners were distinguished as regards their country of origin: Dutch (or Western), Western expatriates, and local partners (from the country of residence or an adjacent country). The case definition for homosexual was defined as someone with reported sexual intercourse with a same-sex partner.
The use of condoms during vaginal or anal intercourse (threepoint scale: 1 = never, 2 = sometimes, 3 = always).
Information was also collected on occupational risks. Questions were posed on:
The frequency of a number of activities that involved the chance of injuries.
The frequency of injuries. Distinctions were drawn between injuries with a hollow needle, a massive needle and cutting with a surgical instrument.
Finally, information was collected on HBV vaccination status; either serologically (expatriates with anti-Hbs Ͼ10 U/ml) or anamnestically (expatriates who reported a complete set of HBV vaccination of three injections).
Statistics
Firstly, associations between sexual and occupational risk factors and HBV infection and vaccination status were studied using univariate analysis. Subsequently, associations found in univariate analysis (2 × 2 tables) were followed by multiple logistic regression models with adjustment for potential confounders.
Two different logistic models were used: (1) relation between sexual and occupational risk factors and HBV infection as the outcome variable and (2) relation between demography, sexual risk factors and occupational risk factors and serologically and anamnestically determined HBV vaccination status as an outcome variable.
For the statistical analysis, the software package SAS (SAS V6.12, SAS Insitute Inc., Cary, NC, USA) was used.
Results
Non-response
Of those eligible for participation in the study (965), 864 (89%) completed the questionnaire. Non-response data were available for 45 people but not for a small but unknown number of people who refused to supply such data. Demographic and general aspects of non-response and response, in respect to HIV/ HBV infection, were compared. Main reasons for non-response were: no risk for infection (29%), little confidence in the anonymity of the research (20%), having taken an HIV test previously (16%), not wanting to know the results of the HIV test (although participation without learning the outcome was possible) (9%), and lack of time (9%). For the variables sex, age, continent of the last country of residence, and having local partners in the preceding 3 years, there were no significant differences between the people who did and those who did not participate in the study. The question whether non-response was positively related to sexual risk behaviour was answered affirmatively by 16%.
In all 56 people donated a sample of blood but did not fill in the questionnaire. No blood sample could be obtained from 19 of the 864 respondents who completed the questionnaire. The main reasons were: the centre omitted to take a blood sample (35%), and the respondent had run no risk for infection and therefore did not want to donate a sample of blood (24%).
Demographics and general aspects (including sexual partners and occupational risks)
Mean age of men was 40 years and of women 37 years. Men were posted abroad for a longer period than women (9.2 versus 6.9 years). The last country of residence was most often an African country (59%). In the past 3 years most expatriates had Dutch steady partners (75% of men and 56% of women) while 20% of both male and female expatriates had local steady partners. In the case of casual partners, a considerable percentage of the male expatriates reported local casual partners (29% versus 17% of the women). Over 10% of the expatriates also reported Dutch and Western expatriate casual partners. Consistent condom use was more often reported in sex with casual partners (Ͼ60%) than with steady partners. Even with local steady partners, consistent condom use was low (Ͻ30%). These results were described in more detail elsewhere. [9] [10] [11] Of the total group of 864 respondents, 99 (11.5%) had a medical profession. This group consisted of 48 (48%) physicians and 51 (52%) paramedics (nurses, midwives, anaesthesia assistants). In this paper, the last three professions are grouped together and referred to as nurses. Physicians were more often male and less often single than nurses. Their last period of residence abroad was most often sub-Saharan Africa (92%) and they often worked in a rural setting. They were engaged in activities that involved risks for occupational exposures in the previous 3 years such as vaccinations (most often nurses) and operations (most often physicians). In all 337 percutaneous exposures (occupational accidents) in the previous 3 years were reported by 61% of the medical respondents: 91 with hollow needles, 235 with massive needles and 11 with surgical instruments. This corresponded with an average of 3.4 exposures per person.
Vaccination status of the expatriates
Serologically determined vaccination status Among 845 expatriates 315 had anti-Hbs titre Ͼ10 U/ml (37%); 195 of 621 (31%) men were considered to be protected and 120 of 224 (54%) women were protected (Table 1) .
Anamnestically determined vaccination status
Three groups were distinguished. Firstly, respondents who reported no vaccination (n = 249), secondly, respondents who reported complete vaccination (n = 356) and thirdly, respondents who reported incomplete vaccination (n = 193). The latter vaccination included reporting of one or two injections but not all three or that boosters were necessary because of insufficient antibody titres.
The vaccination status (Table 2 ) in these three groups (excluding individuals with HBV infection markers) was compared with the serologically determined vaccination status. In the group with complete vaccination, 34% of the expatriates had anti-HBs titres below the critical limit of 10. In the incompletely vaccinated group (66%) and the not vaccinated group (97%) these percentages were much higher.
Determinants for vaccination degree
The prevalence of vaccination (anamnestically and serologically) was determined by gender (females [50-54%] were more likely to be vaccinated than males [30-39%]), medical profession (physicians were more likely to be vaccinated) and length of stay in the endemic areas (individuals with a longer stay were less likely to be vaccinated). Expatriates for whom the last destination was Latin America were less likely to be vaccinated. Using logistic regression on these factors it was demonstrated that determinants associated with anamnestic and serological vaccination status were quite similar (Table 3) . However, the effect of some of these factors such as gender and the length of stay in the endemic areas seemed to be more pronounced in the case of serologically determined vaccination status.
Prevalence of infection
Prevalence of HBV infection was 5.4% (46/845) ( Table 1) , which is elevated in comparison with the prevalence of HBV infection in the general population (2.1%, 95% CI : 1.6-2.7). 12 Among 621 men, 32 were infected (5.2%); among 224 women, 14 (6.3%) were infected. HBsAg was found in the serum of seven men. Prevalence of infection in those who did not complete the questionnaire was 7.2% (4/56). These subjects were excluded from further analysis. For risk analysis, expatriates with anti-HBs titres Ͼ10 U/ml and no anti-HBc were considered to be immune and excluded from subsequent analysis of infection.
Risk factors for HBV infection in the total population of expatriates
Univariate analysis of risk factors associated with HBV infection indicated risk factors such as gender (female), homosexual contacts (for men), local steady partner (only for women), more than five local casual partners, last destination Africa, age, length of stay in the HBV endemic areas and medical profession. A Western life-time partner was found to be protective against HBV infection.
In a multivariate logistic regression model (Table 4) independent risk factors for HBV infection included were length of stay in endemic areas, number of local sexual partners, homosexual contacts (for men), medical profession (especially physicians) and number of occupational accidents.
Discussion
Data from this study indicated that the implementation in 1991 of the revised HBV vaccination strategy resulted in an increased percentage of expatriates being protected against HBV infection (from 14% to 37%). However, this did not lead to a significantly decreased prevalence of HBV infection markers among expatriates. The slightly lower prevalence of HBV infection as compared to the previous study 4 was probably due to differences in the inclusion criteria of the expatriates in the two studies. When this study was restricted to expatriates from sub-Saharan Africa, as in the previous study, prevalence of HBV infection was similar (6.5% [1995] In this study, we used two definitions for vaccination status. Both outcomes may not be representative for true protection against HBV infection for several reasons. Retrospective anamnestic assessment of the vaccination status may be unreliable as there were no actual vaccination records for the expatriates. Expatriates may not recall their HBV vaccination status. Therefore the percentage of vaccinated may be overestimated. Serological assessment of HBV protection, using the serological cut off (αHBs titres Ͼ10 U/ml) for actual protection against HBV infection, can be debated too. 13, 14 Even when titres are Ͻ1 U/ml, an individual may still develop a memory immune response to the virus and may be effectively protected; 13 as a consequence the number of expatriates protected may be underestimated. So, we used both definitions in order to study factors that may affect the vaccination status in expatriates.
Female expatriates were more likely to be vaccinated than males. This was most notable for expatriates with a short stay in endemic areas. These associations were more pronounced when the serological definition was used. This might indicate that young, female expatriates are more willing to be vaccinated and, as suggested in other papers, 15, 16 may have a better response to the vaccination. However, we must emphasize that the large differences in the serological vaccination status, relating to the length of stay, are probably also due to decreasing antibody titres over time. Nevertheless, some of those expatriates with a low anti-HBs titre may still have a perfectly good memory immune response to the virus. 15, 16 Finally, it is obvious that most expatriates in the medical profession were vaccinated. The observed risk factors associated with HBV infection were comparable to those in the 1987-1989 study. Multiple logistic regression indicated that length of stay, homosexual contacts, sexual contacts with more than five local partners, being a physician and occupational accidents were most relevant. Concerning length of stay it was obvious that there was a high correlation between age of the expatriate and length of stay reported in this study. Therefore age was not included in the multiple logistic regression model because it did not increase the predictive value of a multiple logistic regression model, which already included the factor length of stay.
Concerning sexual risk behaviour, homosexual contacts or more than five local casual partners were associated with risk for HBV infection especially in males. In the previous study, expatriates with more than five African sexual partners also had an increased risk. 4 In other studies too, an association between sexual contacts abroad and HBV markers was found. 5, [17] [18] [19] We demonstrated that, of those in the medical profession, physicians had a higher risk for HBV infection than nurses. Other studies demonstrated a high risk of infection for expatriates in the medical profession, but did not reveal a difference in risk between physicians and nurses. 4, 5, 20, 21 The number of percutaneous exposures did not explain an increased risk for HBV infection in physicians. Probably, the differences in activities between physicians and nurses may account for the differences in the risk. Physicians reported more invasive occupational activities, such as operations, deliveries and autopsies, while nurses were often involved in vaccinations.
We conclude that 4-6 years after the implementation of the revised Dutch HBV vaccination strategy the percentage of protected expatriates has more than doubled. However, this was not followed by a reduction in the percentage of expatriates with HBV infection markers. This is probably due to a time delay. For a full assessment of the effect of increased protection against HBV on infection, incidence data would be more useful. We believe that although vaccination may halve the incidence of HBV infection it would take some years before the prevalence would significantly decrease.
Additionally, data from our study also indicate that, in particular, young female expatriates are vaccinated, while older male expatriates are less vaccinated. Previous studies on the sexual behaviour of the same study group have indicated that these older male expatriates, with a longer stay in HBV-endemic areas, show a high risk behaviour. 10, 11 Therefore, a decrease in incidence and subsequently prevalence of HBV infection will take longer when this group of expatriates is less vaccinated. For that reason, we suggest increasing the effort to vaccinate especially older expatriates with high sexual risk behaviour or a medical occupation in order to decrease the prevalence of HBV infection more rapidly.
